Pragmatic clinical trials are conducted under the real-world conditions of clinical care delivery. As a result, these trials yield findings that are highly generalizable to the nonresearch setting, identify interventions that are readily translatable into clinical practice, and cost less than trials that require extensive research infrastructures. Maintenance dialysis is a setting especially well suited for pragmatic trials because of inherently frequent and predictable patient encounters, highly granular and uniform data collection, use of electronic data systems, and delivery of care by a small number of provider organizations to approximately 90% of patients nationally. Recognizing the potential for pragmatic trials to generate much needed evidence to guide the care of patients receiving maintenance dialysis, the Kidney Health Initiative assembled a group of individuals with relevant expertise from academia, industry, and government to provide the nephrology community with information about the design and conduct of such trials, with a specific focus on the dialysis setting. Here, we review this information, and where applicable, use experience from the ongoing Time to Reduce Mortality in End Stage Renal Disease Trial, a large cluster-randomized, pragmatic trial evaluating hemodialysis session duration, to illustrate challenges and solutions to operational, ethical, and regulatory issues.
The nephrology community has expressed concern about the inadequate evidence base for guiding clinical practice and the slow pace of improving outcomes for patients with kidney disease. 1,2 A significant barrier to evidence generation is the inefficiency and expense of clinical trials, the most rigorous method for evaluating treatment approaches. The number of published clinical trials addressing kidney disease is lower than for many other disease areas 3, 4 and most nephrology trials, like those in other medical specialties, have small sample sizes. 5, 6 Moreover, interventions found to be beneficial in well conducted trials are often not widely implemented in practice. [7] [8] [9] In recent years there has been a renewed interest in pragmatic clinical trials, also referred to as "real-world" clinical trials, because of their potential to yield findings that are highly generalizable, identify interventions that are readily translatable into clinical practice, and increase the efficiency of trial conduct. [10] [11] [12] In contrast to explanatory trials which evaluate efficacy by testing treatments under idealized conditions and in highly selected patients, pragmatic trials evaluate effectiveness of interventions implemented under the usual conditions of clinical care and for the broad group of patients with the condition of interest. Pragmatic trials usually study treatments that are already in widespread use, with the goal of identifying optimal approaches.
Maintenance dialysis is a setting that is well suited for pragmatic clinical trials. In dialysis, encounters with patients are frequent and predictable, data generated through routine care are highly granular and uniform across patients, electronic data systems are widely utilized, and, in the United States, the delivery of care to approximately 90% of the patients by a small number of provider organizations facilitates centralized trial implementation. Recognizing the potential of pragmatic trials in the dialysis setting, the Kidney Health Initiativea consortium of .75 organizations founded by the American Society of Nephrology and the US Food and Drug Administration (FDA)assembled a working group with representation from academia, industry, and government to identify key considerations for conducting pragmatic trials in dialysis. 13 In this paper, we discuss several of the important scientific, operational, and regulatory issues for such trials. Where applicable, we provide concrete illustrations from experience with the Time to Reduce Mortality in End Stage Renal Disease (TiME) Trial (NCT02019225), an ongoing, large, cluster-randomized pragmatic trial of hemodialysis session duration being conducted through a partnership between academic investigators and two large dialysis organizations as one of the demonstration projects of the National Institutes of Health (NIH) Health Care Systems Research Collaboratory. 14 
PRAGMATIC TRIAL DESIGN
Characteristics of pragmatic trials and their implications for trial design are provided in Table 1 . 15, 16 Pragmatic trials often randomize by "cluster" rather than by patient to facilitate implementation of the intervention(s) by clinical personnel within a health care team and to avoid contamination across treatment groups. Sample size requirements are usually larger for pragmatic than explanatory trials in order to overcome cluster effects (if cluster randomization is used) and because of reductions in treatment effects resulting from trial populations that are not highly selected for patients most likely to adhere to or benefit from the intervention. Approaches to implementing the intervention are typically flexible to ensure that the trial experience generalizes to the clinical setting. End points for pragmatic trials are often limited to those ascertainable from routine, clinically acquired data available in electronic medical or administrative records, unless there are sufficient resources to support large-scale data capture specifically for the trial.
The design of the TiME Trial is summarized in Table 2 . In brief, dialysis facilities are randomized to Intervention or Usual Care. Facilities in the Intervention group adopt an approach of prescribing dialysis session durations of at least 4.25 hours for incident patients; facilities in the Usual Care group have no trial-driven approach to session duration. The primary outcome is mortality, and major secondary outcomes are hospitalizations and quality of life. Pragmatic features of the TiME Trial include broad eligibility criteria, the implementation of the intervention by treating nephrologists and dialysis unit personnel rather than by researchers, and reliance on data obtained through routine clinical care. The major trial outcomes (mortality, hospitalization rate, and quality of life) are patient-centered and ascertainable through the electronic data systems of the dialysis providers. To address cluster effects, the sample size determination incorporated an intrafacility correlation coefficient for mortality, the primary outcome of the trial, as well as the number and size distribution of clusters. These factors increased the required number of participating patients by 28%.
PARTNERSHIPS BETWEEN RESEARCHERS AND HEALTH SYSTEMS
Because pragmatic trials are intentionally integrated into clinical care delivery, health care providers rather than researchers carry out the research protocol. The incorporation of research into care delivery has been described as a "learning health system," a term reflecting the goals of systematically learning from clinical care encounters and developing models for implementation that are sustainable from one learning activity (e.g., a clinical trial) to another. [17] [18] [19] In a learning health system, partnerships between researchers and the health care delivery organizations are critical, especially if the goal is to accommodate multiple intervention trials concurrently and over time. Thus, whereas the principal stakeholders for explanatory trials are the investigators, sponsors, and participants, for pragmatic trials health system administrators and clinicians are also key stakeholders. 20 Harmonizing interests of investigators and providers is essential for the success of pragmatic trials but can be challenging. Priorities for research questions often differ between investigators and health system leaders. 20 Leaders of dialysis organizations, like those of other health care systems, are interested in evaluating interventions that add long-term value or address challenges in care delivery, payer targets, or regulatory requirements. 21 In contrast, academic investigators might be more likely to prioritize studies that inform clinical practice guidelines. Additionally, dialysis providers favor studies that provide answers quickly in order to adopt approaches rapidly on the basis of the results and minimize the effect of the trial on competing initiatives. Quality improvement (QI) initiatives are often appealing to health systems as a way to systematically implement what are thought to be best practices. Incorporating features of pragmatic clinical trial design into QI programs allows the effectiveness of such practices to be evaluated with scientific rigor. For example, the use of facility-level randomization for a hemodialysis central venous catheter care QI initiative allowed a dialysis provider organization to not only implement the clinical care approach but to assess its effect on infection outcomes. 22 For the TiME Trial, the academic investigators and dialysis provider organizations, Fresenius Medical Care and DaVita, partnered early in the planning stages, before obtaining funding, to develop the research question and implementation approach. Members of the research divisions at both dialysis companies are voting members of the TiME Trial Steering Committee, and the work of implementing the trial is shared by the group. Although engagement by the leadership of the dialysis organizations has been present throughout planning and implementation, one of the more challenging aspects for the TiME Trial has been developing approaches for direct interaction between the researchers and the clinicians at individual dialysis units. Engaging "on-the-ground" clinicians, a frequently reported challenge for large pragmatic trials, 23, 24 should be overcome more readily if clinical trials become routinely incorporated into the delivery of clinical care. 25, 26 
SELECTION OF TRIAL SITES
Criteria for site selection in pragmatic clinical trials will vary depending on the study design, particularly when cluster randomization is used. Characteristics of clinical facilities can markedly affect the likelihood of successful participant recruitment, protocol implementation, and delivery of information to staff and patients. In the dialysis setting, although it is important to evaluate dialysis units individually, there are efficiencies in collaborating with provider organizations that comprise large networks of facilities that can serve as research sites. Such collaborations streamline the creation of clinical trial agreements and allow for a uniform approach to trial implementation by utilizing existing standardized practices, policies, and operating procedures. 12 For individual participating dialysis units, stable structure and function are important for successful implementation of a pragmatic trial that relies on facility personnel for its implementation. Prioritization of study sites can be informed by preliminary assessments of the number of eligible patients, strong leadership from both the medical director and clinical manager, and a track record of compliance with policies and procedures. Review of ongoing clinical trials and QI initiatives within candidate facilities for overlap or conflict with the interventions or effect on the intended outcomes is also important. For the TiME Trial, the initial identification and evaluation of candidate facilities was not performed by the academic investigators but rather by the dialysis organization research teams in collaboration with regional administrators who had the necessary knowledge about the facility dynamics and capacity for trial implementation. 
DATA ACQUISITION
Compared with many other health care delivery systems, dialysis has the advantage of highly standardized clinical data collection despite the large numbers of facilities and treating clinicians. Dialysis units maintain information systems with granular patient-specific demographic and clinical data. These systems consolidate the day-to-day flow of laboratory, treatment, dialysis machine, and operational data, most of which are stored as discrete data elements, rather than text fields. 27 When using existing data systems for a trial conducted by multiple dialysis provider organizations, it is important to implement data specifications appropriate for the analytic requirements of the trial. Quality measure development and specification information, posted by the Centers for Medicare and Medicaid Services for its purposes, may be applicable for other uses such as data extraction for clinical trials. 28 For the TiME Trial, prespecified data elements are transmitted from the data warehouses of DaVita Healthcare Partners and Fresenius Medical Care to the data coordinating center at the University of Pennsylvania. Compared with more conventional trials that rely on study-specific primary data collection, the approach used by the TiME Trial is highly efficient, inexpensive, and less prone to errors associated with manual data entry. Relying exclusively on data obtained by dialysis facilities has important limitations, one of which is the lack of information about events that occur outside of the dialysis facility, but some of these can be reduced through supplementation with other sources such as claims data. 29,30
INFORMED CONSENT
Obtaining informed consent for large pragmatic trials can pose challenges if:
(1) study implementation is highly centralized without research personnel at the study sites, (2) cluster-wide implementation of the intervention is required for either scientific or operational reasons, or (3) the consent requirement will lead to imbalances in participant characteristics across treatment groups (as might occur if the randomized treatment arm for the cluster is known before enrollment of individual participants). For research that is subject to the Department of Health and Human Services (HHS) regulations, waiving or modifying the informed consent process may be permitted if specific criteria are met, one of which is that the research presents no more than minimal risk of harm to participants. 31 Although it is intuitively clear that the minimal risk requirement limits the interventions that can be studied when using trial designs that necessitate waiving or modifying consent, it is important to recognize that there is variability across institutional review boards in interpreting minimal risk and active debate among ethicists about how risks should be assessed. 32 Additionally, revisions currently under consideration to the federal regulations for human subjects research protection (referred to as the Common Rule), have implications for the concept of minimal risk and how consent is approached in pragmatic trials. 33 The TiME Trial met the criteria for waiving consent and is using an opt-out approach for trial participation in combination with an Institutional Review Board (IRB)-approved waiver of Health Insurance Portability and Accountability Act Authorization. 34 Specific additional FDA regulations regarding informed consent apply to clinical investigations conducted under FDA oversight. Trials investigating drugs or devices (even if determined to be exempt from Investigational New Drug [IND] or Investigational Device Exemption [IDE] requirements, respectively), must adhere to the FDA regulations directed at human subjects protections, including informed consent requirements as detailed in the Code of Federal Regulations (CFR) 21 CFR 50, and the requirements for IRBs (21 CFR 56) . 35, 36 Unlike the Common Rule, no waivers exist for obtaining informed consent for clinical investigations regulated by FDA except when participants are in life-threatening situations in which consent is not feasible. 37 However, a provision does exist that allows an IRB to waive the documentation of informed consent for certain ty pes of minimal risk research. 38 Although the TiME Trial is not investigating a drug or device, and thus does not fall under FDA purview, this provision would likely allow for the opt-out consent process used in the TiME Trial and has also facilitated the conduct of pragmatic trials investigating FDA-regulated products. 31 
INSTITUTIONAL REVIEW BOARDS
For all multicenter studies, whether pragmatic or explanatory, oversight by numerous local IRBs can pose challenges. [39] [40] [41] [42] [43] Variability across institutions in approaches and interpretation of regulations are important contributors to the slow pace and expense of large trials, and it has been argued that review by multiple IRBs may paradoxically reduce protections to participants. 44 For pragmatic trials, particularly those that use cluster-wide implementation of an intervention, variability across institutions in the interpretation of regulations, such as the criteria for waiving informed consent, can result not only in delays but also in irresolvable impasses. Moreover, for pragmatic trials in which local clinicians implement the intervention but researchers are not directly affiliated with the sites, reporting and responding to local IRBs is not practical. For the TiME Trial, the University of Pennsylvania IRB is serving as the IRB of record, and authorization agreements were created between each dialysis provider organization and the University of Pennsylvania IRB. Although the use of central IRBs or single IRBs of record is becoming increasingly common, willingness of institutions to utilize these models varies, and concerns have been raised about eliminating local context from the review process. 43, 45 However, both a recent draft policy by the NIH and proposed revisions to the Common Rule by HHS and other federal bodies promote the use of a single IRB for multisite studies, suggesting that in the near future this approach may become the norm rather than the exception. 33, 46 Of note, the FDA has made clear in guidance documents that it supports the use of a central IRB for drug studies 47 ; however, the Federal Food, Drug, and Cosmetic Act requires local IRB review for device studies. 48 
DATA AND SAFETY MONITORING COMMITTEES AND ADVERSE EVENT REPORTING
Clinical trials, particularly those with safety risks, often have Data and Safety Monitoring Boards (DSMBs) to evaluate safety, efficacy, and quality of trial conduct while the study is underway. Although external monitoring is usually desirable for pragmatic trials, design or implementation features might necessitate an approach by the DSMB that differs from that used for most explanatory trials. 49 For example, the TiME Trial DSMB does not have individual serious adverse event reports available for review but instead relies on prespecified, clinically acquired laboratory data or trial outcomes to assess safety. Additionally, in the interest of understanding real-world experience, a pragmatic trial DSMB might focus little attention on monitoring adherence to the intervention. On the other hand, for an openlabel, cluster-randomized pragmatic trial in which group assignment is known before participant enrollment, a DSMB might be highly interested in comparing participant characteristics across treatment groups to assess selection bias. Although there are not regulatory requirements for DSMBs, efforts currently underway to generate consensus documents about external monitoring will presumably address different types of trials including pragmatic trials. 50 
FDA IND OR IDE PROVISIONS
There are perceptions that trials conducted under IND or IDE provisions cannot use highly pragmatic design or implementation approaches because of data collection and safety reporting requirements 51, 52 ; however, this is not necessarily the case. For example, questions have been raised about whether the electronic clinical data systems used by dialysis providers meet the FDA regulations on electronic records described in 21 CFR part 11. FDA guidance that describes how electronic source data should be captured, reviewed, and retained specifically states that the FDA does not intend to assess the "part 11 compliance" of the computer system (e.g., the electronic medical record) used in a clinical investigation. 53 Notwithstanding the guidance recommendations, additional clarification from regulatory authorities on proper approaches to handling electronic data from dialysis information systems could encourage sponsors to pursue pragmatic clinical trials of drugs and devices used in dialysis. Another challenge for pragmatic trials conducted under IND or IDE provisions is determining who among the many individuals implementing the trial meets the regulatory definition of "investigator." 42 Because this designation carries specific responsibilities for both sponsors and investigators, the extent to which pragmatic trials can efficiently increase the evidence base will depend on whether clinicians operating in a learning health system are subject to such regulatory requirements. 54 From a safety standpoint, FDA requirements for adverse event reporting might be a barrier to pragmatic trials that rely on electronic medical record data rather than investigators' reports of individual events. However, both the regulations themselves and guidance documents make it clear that the FDA may waive these requirements if certain criteria are met. 55, 56 Thus, for pragmatic trials comparing well established treatments, alternative approaches to monitoring patient safety proposed by the sponsor might be deemed acceptable by the FDA. 
